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[57] ABSTRACT

The present invention is directed to provide a stainless steel
having by far higher corrosion resistance than those of the

prior art and a method of forming an oxide passivation film
having a chromium oxide layer on the surface thereof.

(1) An oxide passivation film having a layer consisting of a
chromium oxide as a principal component in a thickness of
at least 20 A on the outermost surface side is formed on the
surface. (2) A machining strain layer composing fine crystals
is formed on the surface of a stainless steel base, baking is
then carried out in an inert gas to remove moisture from the
surface of the stainless steel, and heat-treatment is carried
out at 450° to 600° C. in an atmosphere of a mixed gas
consisting of the inert gas and 500 ppb to 2% H,O gas (or
4 ppm to 1% of oxygen gas).

The formation of the machining strain layer consisting of the
fine crystals is effected by electrochemical buffing, and up to
10% of hydrogen gas is preferably added further to the
mixed gas described above.

7 Claims, 7 Drawing Sheets
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FIG. 23
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METHOD OF FORMING OXIDE
PASSIVATION FILM HAVING CHROMIUM
OXIDE LAYER ON THE SURFACE
THEREOQOF, AND STAINLESS STEEL HAVING
EXCELLENT CORROSION RESISTANCE

TECHNICAL FIELD

The present invention relates to a method of forming an
oxide passivation film having a layer consisting mainly of
chromium oxide, (a layer containing no iron oxide, herein-
after be reterred to simply as “chromium oxide layer™). on

the outermost surface thereof, and relates to a stainless steel
having excellent corrosion resistance.

BACKGROUND ART

A known method of forming a passivation film on a
stainless steel surface is the wet process which forms the
passivation film by immersing an electrolytically polished
stainless steel into a solution of chemicals such as nitric acid
at about 60° C. The passivation film thus formed, however,
contains iron oxide, though it gives a chromium-rich com-
position. In addition, the passivation film shows non-
satisfactory corrosion resistance because of its thin layer, 20

A (angstrom) or less, and because of the presence of many
pin holes.

Furthermore, that type of passivation film emits a con-
siderable amount of moisture from its surface. The curve
with the symbol of a closed circle in FIG. 9 shows the data
of emission of moisture at room temperature from the
surface of an oxide passivation film prepared by the wet
process, determined by APIMS analysis. As seen in the
figure, the oxide passivation film formed by the wet process
can not fully release its moisture even after 100 min. of
emission. Since the oxide passivation film prepared by the
wet process contains a considerable amount of moisture, it
is inapplicable to semiconductor production equipment
which requests emission-free condition. Therefore, that type
of oxide passivation film further needs to be subjected to
heat treatment such as baking, which requires extra process-
ing time.

As an alternative method of forming a passivation film
emitting an extremely small amount of moisture, present
iventor proposed a dry process. The dry process is per-
tormed by directly reacting an electrolytically polished
staintess steel with oxygen gas, then reducing the obtained
iron oxide with hydrogen gas, followed by thermally treat-
ing the reduced material in an atmosphere of inert gas such
as argon gas to form a passivation filin consisting mainly of
chromium oxide. FIG. 18 shows the block flow diagram of
the dry process.

In FIG. 10, the number (1) denotes the baking step to
remove surface moisture from the stainless stecl, and (2)
denotes the oxidation step which is conducted in an oxygen
atmosphere. The film obtained in step (2) is an oxide
passivation film consisting mainly of iron oxide. The num-
ber (3) denotes the reducing step to reduce the iron oxide and
to obtain chromium oxide. The number (4) denotes the
annealing step which is conducted in an inert gas atmo-
sphere to convert the product into a passivation film con-
sisting mainly of chromium oxide.

The curve with the symbol of a closed triangle in FIG. 9
shows the data of moisture emission from the surface of the
passivation film prepared by the dry process. As seen in the
figure, the moisture emission significantly decreased in the
case of the dry process compared with the case of the wet
process.
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However, the above-described dry process to form a
passivation film takes time because it conducts oxidation
and reduction separately.

In response to this disadvantage, to solve the problems the
present inventor provided another alternative method of
forming an oxide passivation film consisting mainly of
chromium oxide. According to the another alternative
method, a stainless steel is subjected to electrolytic polishing
or electrochemical buffing in a separate stage, and the
pre-treated stainless steel is baked in an inert gas atmosphere
to remove moisture from the surface thereof, then it is
thermally treated at a temperature range of from 300° to
600° C. in an atmosphere of hydrogen gas or a mixture of
hydrogen and an inert gas, which atmosphere further con-
tains about 100 ppb of oxygen or H,O. (Japanese Patent
Laid-Open No. 164377/1992; applied for by Tadahiro
Ohmi.)

The other alternative technology forms an oxide passiva-
tion film which has a Cr/Fe ratio (atom ratio: same as in
hereinafter) of 1 or more at the surface thereof, and also
enables to form a passivation film having a layered structure
consisting only of chromium oxide at the surface thereof.

That type of passivation film gives less gas emission and has
excellent corrosion resistance.

However, the technology has a limitation in terms of the
thickness of the formed film, which is approx. 20 A
(angstrom) at the maximum. Recent demand to increase the
corrosion resistance requests the formation of a passivation
film that provides a thicker layer consisting only of chro-
mium oxide and has improved corrosion resistance.

In this respect, an object of the present invention is to
provide a stainless steel having corrosion resistance which is
superior to the one prepared through prior art.

Another object of the present invention is to provide a
method of forming an oxide passivation film having a layer
consisting of a chromium oxide, which layer enables the
formation of a passivation film consisting only of chromium

oxide and having a thickness of 20 A (angstrom) or more at
the surface thereof.

DISCLOSURE OF THE INVENTION

The present invention is characterized in that a stainless
steel having excellent corrosion resistance has an oxide
passivation film consisting mainly of chromium oxide with
a thickness of at least 20 A (angstrom) on the outermost
surface thereof.

The present invention is also characterized in that the
method of forming an oxide passivation film having a
chromium oxide layer on the surface of the film comprises:
forming a work strain layer consisting of fine crystals on the
surface of a stainless steel base; baking the stainless steel
base having the work strain layer in an inert gas atmosphere
to remove moisture from the surface thereof; then thermally
treating the stainless steel in an atmosphere of a gas mixture
containing an inert gas and 500 ppb to 2% of H,O at a

temperature of 450° to 600° C. to form the oxide passivation
film

The present invention is further characterized by that the
method of forming an oxide passivation film having a
chromium oxide layer on the surface of the film comprises:
forming a work strain layer consisting of fine crystals on the
surface of a stainless steel base; baking the stainless steel
base having the work strain layer in an inert gas atmosphere
to remove moisture from the surface thereof; then thermally
treating the stainless steel in an atmosphere of gas mixture
containing an inert gas and from 4 ppm to 1% of O, at a

temperature of 450° to 600° C. to form the oxide passivation
film,
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Function

The present invention is-described below in more detail
referring to the embodiment examples.

A preferred stainless steel of the present invention is SUS
316L containing 0.030% or less of C, 0.70% or less of Si,
0.80% or less of Mn, 0.030% or less of P, 0.0020% or less
of S, 12.0t0 17.0% of Ni, 16.0 to 24.0% of Cr, 0.05 t0 3.5%
of Mo, 0.020% or less of Al, and 0.0020% or less of O by
weight,

(The invention claimed in claim 2)

According to a method of the present invention (claim 2),
a work strain layer consisting of fine crystals is firstly
formed on the surface of a stainless steel. That type of work
strain layer of fine crystals is formed by electrochemical
bufting (ECB), for example.

An example of the electrochemical buffing used in present
invention is the one in which an anodic metal to be buffed
is electrolytically eluted, and at the same time, the oxide
passivation film formed on the surface of the metal is
polished to mirror-finish surface usmg abrasives. This pro-
cedure may be performed by giving the abrasives a certain
minimum speed to abrade the buffing surface, and at the
same time, by inducing an anodic reaction of elution and
oxidation on the buffing surface while applying an electro-
Iytic current density of several ampere per square centimeter
via a passivated electrolyte solution.

The method of the present invention claimed in claim 2 of
this application is further described below referring to FIG.
8. |

FIG. 8 illustrates an example of a tool used for the
mirror-finishing process of the present invention. The ref-
erence number 1 denotes the tool which is attached to the
drive shaft and is rotated by a driving means. The reference
number 2 denotes the circular disk cathode made of copper
formed at the bottom of the tool 1. The reference number 3
denotes the exposed face formed in a cross-like shape on the
bottomn face of the cathode 2. The reference number 4
denotes the discharge opening for the electrolyte solution 5,
which is formed at the center of the cathode 2 as a through-
hole. The reference number 6 denotes the abrasives attached
to the whole area of the bottom surface of the cathode 2
excluding the exposed face 3 and of the discharge opening
4. The reference number 7 denotes a thin film such as paint
which has an electrical insulation property. The insulating
thin film prevents useless current leakage from the periphery
of cathode 2 of tool 1. The electrolyte solution 5 is fed from
an electrolyte supply unit via the drive shaft, and is supplied
to the gap between the exposed face 3 and the metal being
buffed (not shown) via the discharge opening 4, then it is
discharged to the outside of the tool. The cathode side and
anode side of DC voltage or a pulse voltage are connected
to the cathode 2 of the tool I and the metal being buffed,
respectively.

At the start of buffing, a voltage is introduced between the
cathode 2 of the tool i and the metal being buffed while
introducing the electrolyte solution 5 therebetween. The
cathode 2 is rotated while being pressed to the metal for
buffing. Thus, the anode elution of the metal for buffing is
performed by electrolytic action. The convex portion of the
oxide passivation film formed on the irregular surface of the
metal for buffing is removed by the abrading action of the
abrasives 6, and the convex portion of the metal for buffing
is preferentially and selectively electrolytically eluted to
make the surface mirror-finish.

For example, in the case that the interior surface of a SUS
316L havmg an original surface roughness, R_._., of 20 to 50
microns is buffed using SiC abrasives of ﬂom #120 to
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#1500, the buffing with a 20-% NaNQ, aqueous solution as
the electrolyte solution of passivation type while applying an
electrolytic current density of 0 to 6 Afcm® gives a interior
sutface having a surface roughness, R___., of 0.1 micron or
less.

The present invention includes the formation of a surface
work strain layer using the electrochemical buffing or other
means as an essential condition. Electrolytic polishing (EP)
alone can not form a layer consisting only of chromium
oxide having a thickness of 20 A (angstrom) or more
because of the absence of a work strain layer at the surface
thereof.

The reason why electrolytic polishing alone can not form
a thick layer of chromium oxide is not clear, but the
mechanism is presumed to be the following. Different from
electrolytic polishing, electrochemical buffing grinds the
surface mechanically as well. The mechanical grinding
results in machining, plastic deformation, melting and
chemical change. As a result, a so-called “Beilby layer” is
tormed, or a chemically active workstrain layer consisting of
very fine crystals at the surface. At the same time, a plastic
deformation layer is formed toward the inside of the struc-
ture. The presence Of the Beilby layer presumably contrib-
utes to the formation of the layer consisting only of chro-
mium oxide. That is, the diffusion of chromium along the
boundaries of very fine grains is enhanced, and in a weakly
oxidizing atmosphere, Cr,0; is formed on the surface.

A preferred surface roughness resulting from the electro-
chemical buffing is 5 pm or less from the standpoint for
forming a further dense passivation film, and most prefer-
ably 0.5 pm or less.

According to the present invention, moisture is removed
from the surface of the stainless steel by baking it in an inert
gas atmosphere after completing the electrochemical buff-
ing. The temperature and period of baking are not specifi-
cally limited provided that the temperature is at a level
enabling the moisture removal. For example, the baking may
be conducted at a temperature ranging from 150° to 200° C.,
or at a higher range of from 400° to 500° C. The baking is
preferably carried outin an inert gas atmosphere (Ar gas, N,
gas, ctc.) containing up to several ppms of H,O (most
preferably up to several ppbs).

Then, the heat treatment is conducted at a temperature
level ranging from 450° to 600° C. in a weakly oxidizing
mixed gas atmosphere.

The inert gas may be argon gas or nitrogen gas.

The content of H,O gas is in a range of from 500 ppb to
2%. If the content of H,O gas is less than 500 ppb, then the
layer consisting only of chromium oxide can not be formed
on the surface, and the surface becomes a mixed texture of
iron oxide and chromium oxide.

If the H,O content exceeds 2%, then a passivation film
consisting mainly of iron oxide is formed and the film
becomes porous, which results in poor corrosion resistance.

It is preferable that the mixed gas of an inert gas and from
5300 ppb to 2% of H,O further contains 10% or less of
hydrogen. Hydrogen gas becomes H* radical by the cata-
lytic action of the stainless steel surface, and the radical
contributes to the reduction of iron oxide. In other words, on
a mirror-finished surface treated with electrochemical
buffing, the Ni in the stainless steel plays the role of catalyst,
and the hydrogen nearly perfectly becomes radical at a
temperature range of from 450° to 600° C., and the hydrogen
radical reduces the iron oxide. Thus, the layer consisting
only of chromium oxide should be more likely formed.
However, when the content of hydrogen gas exceeds 10%,
the density of the passivation film is lost. So the hydrogen
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gas content is preferably at 10% or less. If the hydrogen gas
content is less than 1 ppm, the reduction of iron oxide may

not proceed to a sufficient extent, so a preferable lower limit
of hydrogen content is 0.1 ppm.

A common method to prepare a gaseous mixture of an
inert gas and 500 ppb to 2% of H,O is to mix the inert gas
with 500 ppb to 2% H.,O in advance and then to supply the

mixed gas to the stainless steel surface for forming passi-

vation film. Alternatively, a gaseous mixture of an inert gas,
250 ppb to 1% of oxygen gas, and 500 ppb to 2% of
hydrogen gas may be supplied to the stainless steel surface.
In the latter case, the Ni in the stainless steel acts as the
catalyst to generate hydrogen radical, and the radical reacts
with oxygen to yield H,O gas to form a designed weakly
oxidizing atmosphere.

The temperature of the heat treatment is in a range of from
450° to 600° C. If the temperature is below 450° C.,
prolonged heat treatment can not increase the thickness of
the film consisting only of chromium oxide to 20 angstroms
or more. If the temperature exceeds 600° C., a layer con-
taining segregated iron oxide is formed on the surface, and
the total texture of the passivation film becomes non-
uniform, which results in the formation of a passivation film
with poor corrosion resistance. It is presumed that the reason
for the poor characteristic is that, at above 600° C., chro-
mium carbide (Cr,,Cg, etc.) deposits on the base material,
and the deposit consumes the whole amount of Cr to induce
a segregation in the texture of the passivation film.

Although the period for the heat treatmnent depends on the
temperature, it 1s preferred that it is 0.5 hrs or more. Even
when the heat treatment is conducted for a period of 5 hrs,
the thickness of the chromium oxide layer does not increase
anymore. Consequently, from an economic point of view, it
is preferred that the upper limit of the heat treatment period
be set at 5 hrs.

According to the invention, it is preferable to use a
stainless steel having a crystal grain size of 6 or more, and
most preferably to use a stainiess steel having a crystal grain
size of 8 or more. The stainiess steel having a crystal grain
size of that range quite easily allows for the formation of a
passivation film having a layer consisting only of chromium
oxide at the surface thereof. The reason for such an easy
formation is not clear, but it is presumed that the mechanism
1s that a stainless steel having a crystal grain size in that
range enhances the surface diffusion of chromium atoms via
the grain boundaries and that a smaller crystal grain size in
the base material results in a smaller crystal grain size in the
Beilby layer which was described before or in the plastic
deformation layer and that Cr becomes so that it easily
diffuses toward the surface through these grain boundaries.
(Claim 7)

According to the invention claimed in claim 7 of this
application, the heat treatment is conducted in an atmo-
sphere of a gaseous mixture of an inert gas and ﬂom 4 ppm
to 1% of oxygen gas.

If the oxygen content is less than 4 ppm, a passivation film
having the chromium oxide layer with a thickness of 20
angstrom or more can not be formed at the surface thereof.
If the oxygen content exceeds 1%, the surface becomes a
layer consisting of a mixture of iron oxide and chromium
oxide.

The range of the heat treatment temperature is from 450°
to 600° C. The reason for this range specification is the same
as that given in the description of the invention of claim 2
of this application.

The preferred period of heat treatment is 1 hr or more,
though it depends on the temperature applied.
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Also in the invention of claim 7 of this application, it is
preferred to use a stainless steel base having a crystal grain
size of 6 or more, most preferably a crystal grain size
number of 8§ or more, for the same reason as that given in the
description of claim 2 of this application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) is an XPS analysis chart of an oxide passivation
film of Embodiment 1 having a H,O content of 1 ppm.

FIG. 1(b) is an XPS analysis chart of an oxide passivation
film of Comparative Embodiment 1 having a H,O content of
1 ppm.

FIG. 2(a) is an XPS analysis chart of an oxide passivation
film of Embodiment 1 having a H,O content of 1%.

FIG. 2(b) is an XPS analysis chart of an oxide passivation

film of Comparative Example 1 having a H,O content of
1%.

FIG. 3 is a graph showing the relation between the H,
concentration, the thickness of the chromium oxide layer
formed and the corrosion resistance thereof.

FIG. 4 is a graph showing the relation between the heat
treatment period, the thickness of chromium oxide layer
formed and the corrosion resistance thereof.

FIG. § is a graph showing the relation between the
temperature of the heat treatment and the thickness of
chromium oxide formed.

FIG. 6(a) is an XPS analysis chart of an oxide passivation
film formed in Embodiment 6.

FIG. 6(b) is an XPS analysis chart of an oxide passivation
film formed in Comparative Example 1.

FIG. 7 is a .graph showing the relation between the O,
concentration, the thickness of chromium oxide layer
formed, and the corrosion resistance thereof.

FIG. 8 shows the procedure of electrochemical buffing.

FIG. 91s a graph showing the quantity of moisture emitted
from the surface of a stainless steel. |

FIG. 10 illustrates the block flow diagram of the dry
process.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention is described in more detail in the
following referring to an embodiment.

(Embodiment 1)

A stainless steel of SUS 316L having a crystal grain size
of 6 and contains 25 ppm of oxygen was treated by the
electrochemical buffing following the procedure described
in the section on the function of the present invention. The

- obtained surface roughness was about 5 ym.

Then, the stainless steel was charged into a furnace to
conduct the baking at 150° C. for 2 hrs toremove the surface

moisture while introducing a stream of argon gas containing
impurities of up to several ppbs.

After completing the baking treatment, the heat treatment
was conducted at 500° C. for 1 hr in a mixed gas atmosphere
in which the hydrogen gas was diluted with argon gas to give
a hydrogen concentration of 10%, and further H,O gas was
added at several concentration levels, separately.

FIG. 1(a) and FIG. 2(a) give the XPS analysis charts of
the passivation films in the case of a H,O content of 1 ppm
and 1% H,0., respectively. The etching speed was 70 A/min.
in both cases.
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As seen in FIG. 1(a) and FIG. 2(a), the passivation films
formed in this embodiment contain no iron oxide and

contain mainly chromium oxide on the surface.

FIG. 3 shows the relation between the H,O concentration,
the thickness of the chromium oxide layer, and the corrosion
resistance thereof. As shown in FIG. 3, at up to 10 ppm of
H,O concentration, the increase of H,O concentration
increases the thickness of the chromium oxide layer, (which
is shown by closed circles in FIG. 3), and the thickness
nearly reaches a maximum at 10 ppm or more. Particularly,
at a H,O concentration of above 2 ppm, the formation of a
chromium oxide layer having 20 angstrom or more is
formed; such a thick layer was not formed in the prior art.

On the other hand, the increase in the thickness of
chromium oxide layer, (which is shown by an open circle in
FIG. 3), improves the corrosion resistance.

The corrosion resistance test was carried out by introduc-
ing hydrogen chloride gas containing 1000 ppm of H,O gas
into the container along with the sample, and by allowing
them to stand at 50° C. for 14 days. The evaluation of
corrosion resistance was made by analyzing the sample
surface using ESC to determine the C1 peak. Since a part of
the surface which was corroded by hydrogen chloride gas is
converted to a chloride, a large amount of chlorine is
detected. The result suggests that the formation of a dense
chromium oxide layer on the surface induces a sudden
increase in the corrosion resistance.

Embodiment 1 selected 500° C. as the temperature of the
heat treatment. When the heat treatment was carried out at

a temperature of higher than 500° C., the formation of a
chromium oxide layer having a thickness of 20 angstrom or
more was performed even when the concentration of H,O
was selected to be 500 ppb.

(Comparative Example 1)

In Comparative Example 1, the same procedure as that of
Embodiment 1 was followed except that the electrolytic
polishing was used instead of the electrochemical buffing.

FIG. 1(b) and FIG. 2(b) show the XPS analysis charts of
the passivation film formed under the condition given above.
These figures clearly show that the electrolytic polishing
gave a surface layer containing iron oxide, though the layer
was rich in chromium oxide.

(Embodiment 2)

In Embodiment 2, the effect of the length of heat treat-
ment period was studied.

The heat treatment was carried out at 500° C. in a mixed
gas atmosphere containing argon gas as the base component
and containing 10% of hydrogen and 8 ppm of H,O gas for
a varied period, separately. The other conditions were the
same as in Embodiment 1.

FIG. 4 shows the relation between the heat treatment
period and the thickness of chromium oxide layer. As seen
in FIG. 4, a heat treatment of as short as 0.5 hrs resulted the
formation of a 100% chromium oxide layer of a thickness of
nearly 100 angstrom at the surface of the base material. Up
to 5 hrs of heat treatment, the layer thickness increases with
the increase in heat treatment period. However, heat treat-

ment of longer than 5 hrs gave very little increase in
thickness.

(Embodiment 3)

In Embodiment 3, the effect of the temperature of the heat
treatment was studied.
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The heat treatment was carried out in a mixed gas
atmosphere containing argon gas as the base component and
containing 10% of hydrogen and 8 ppm of H,O gas for 1 hr
at varied temperature levels, separately. The other conditions
were the same as in Embodiment 1.

FIG. 5 shows the relation between the heat treatment
temperature, the thickness of chromium oxide layer and the
corrosion resistance thereof. As seen in FIG. 5, heat treat-
ment at a temperature of 450° C. or above resulted in the
formation of a 100% chromium oxide layer to a thickness of
near to 100 A at the surface of base material. The layer
thickness increases with the increase in the heat treatment
temperature.

However, heat treatment at higher than 600° C. gave an
increase in thickness of the chromium oxide layer, but aiso
started the degradation of corrosion resistance. The trend is
shown in FIG. 5 by the increase in the surface C1 peak after
the standing test in a HCl gas atmosphere.

(Embodiment 4)

Embodiments 1 through 3 used a mixed gas prepared by
diluting hydrogen gas with argon gas to a hydrogen con-
centration of 10% and further by adding H,O gas in advance
to form the passivation film. In Embodiment 4, however,
oxygen was added instead of H,O gas to yield H,O gas on
the surface of the stainless steel.

The used gas had the composition of:
Argon as the base component,
Hydrogen gas at 10%,

Oxygen gas at 1000 ppm.

The heat treatment was conducted at a temperature of
500° C. for 1 hr.

FIG. 6(a) shows the XPS chart of passivation film formed
under the condition described above. The figure clarifies that
this embodiment also gave a similar result as that of
Embodiment 1.

FIG. 6(b) shows the XPS analysis chart for the case in
which electrolytic polishing was applied instead of electro-
chemical buffing. In this case, the surface of passivation film
contains iron oxide.

(Embodiment S)

A stainless steel of SUS 316L having a crystal grain size
of 6 and contains 25 ppm of oxygen was treated by the
electrochemical buffing following the procedure described
in the section of function of the present invention, and
prepared the surface thereof to about 5 pm of surface
roughness.

Then, the stainless steel was charged into a furnace to
conduct the baking at 150° C. for 2 hrs to remove the surface
moisture while introducing a stream of argon gas containing
impurities at up to several ppbs.

After completing the baking treatment, the heat treatment
was given in an mixed gas atmosphere consisting of argon
gas and various concentrations of oxygen gas, separately.

The temperature and period of heat freatment were
selected at 500° C. and 1 hr.

FIG. 6(a) shows the XPS analysis chart of the passivation
film formed under the conditions described above. The
etching speed selected was 70 A/min. As seen in FIG. 7, with
a oxygen content of from 4 ppm to 1%, the layer consisting
only of chromium oxide having a thickness of as large as
400 A was tormed, and the corrosion resistance was excel-
lent. I the oxygen content was less than 4 ppm or more than
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1%, then the thickness of the layer consisting only of
chromium oxide showed a sudden decrease, and the corro-

sion resistance was also degraded. The degradation trend is
shown in the increase of surface concentration of hydrogen
chloride following standing test in a HCl gas atmosphere
containing moisture.

(Embodiment 6)

In Embodiment 6, the effect of stainless steel crystal grain
size was studied.

The selected crystal grain sizes were 5, 6, 7, and 8. A
stainless steel of each grain size was subjected to heat
treatment in a mixed gas of argon gas as the main component
and 10% of hydrogen gas and 8 ppm of H,O gas. The
temperature of heat treatment was 500° C., and the period of
heat treatment was 1 hr.

Study of the XPS analysis chart for each of the tested
passivation films revealed that the material of grain size 6
gave a thicker layer consisting of 100% chromium oxide
than that of grain size 5, and that the material of grain size
7 gave a thicker layer consisting of 100% chromium oxide
than that of grain size 6. and that the material of grain size
8 gave a thicker layer consisting of a 100% chromium oxide
layer than that of grain size 7. Conclusively, the material
having a smaller grain size formed a thicker layer of 100%
chromium oxide.

As for the corrosion resistance, it was confirmed that
material having a smaller grain size has superior corrosion
resistance.

Industrial Applicability

According to the invention, an oxide passivation film
having a layer conmsisting of 100% chromium oxide at a
thickness of 2 nm or more on the surface thereof is easily and
quickly formed on the surface of a stainless steel. Such a
thick layer of chromium oxide was not obtained in the prior
art.

I claim:

1. A method of forming an oxide passivation film having
a chromium layer having a thickness of at least 20 A on the

10

15

20

25

30

33

10

surface of the film comprising: forming a work strain layer
consisting of fine crystals on the surface of a stainless steel

base by electrochemical buffing; baking the stainless steel
base having the work strain layer in an inert gas atmosphere
to remove moisture from the surface thereof; then thermaily
treating the stainless steel in an atmosphere of a gas mixture

containing an inert gas and from 500 ppb to 2% of H,O gas
at a temperature of 450° to 600° C. to form said oxide
passivation fiim.

2. A method of forming an oxide passivation film of claim
2, whereln the gas mixture further contains 10% or less of
H, gas.

3. A method of forming an oxide passivation film having
a chromium oxide layer on the surface of the film of claim
2, wherein the stainless steel base has a surface with a crystal
grain size of 6 or more.

4. A method of forming an oxide passivation film having
a chromium oxide layer on the surface of the film of claim
3, wherein the stainless steel base has a surface with a crystal
grain size of 8 or more.

5. A method of forming an oxide passivation film having
a chromium oxide layer having a thickness of at least 20 A
on the surface of the film comprising: forming a work strain
layer consisting of fine crystals on the surface of a stainless
steel base by electrochemical buffing; baking the stainless
steel base having the work strain layer in an inert gas
atmosphere to remove moisture from the surface thereof;
then thermally treating the stainless steel in an atmosphere
of a gas mixture containing an inert gas from 4 ppm to 1%
of O, at a temperature of 450° to 600° C. to form said oxide
passivation film.

6. A method of forming an oxide passivation film having
a chromium oxide layer on the surface of the film of claim
S, wherein the stainless steel base has a surface with a crystal
grain size of 6 or more.

7. Amethod of forming an oxide passivation film having
a chromium oxide layer on the surface of the film of claim

6. wherein the stainless steel base has a surface with a crystal
grain size of 8 or more.
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